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RADIO STATION, RADIO TERMINAL, AND
SYNCHRONIZATION TIMER CONTROL
METHOD IN RADIO COMMUNICATION

SYSTEM

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 14/235,723, filed on Jan. 28, 2014, which 1s a
National Stage Entry of International Application No. PCT/
JP2012/004503, filed Jul. 12, 2012, which claims priority
from Japanese Patent Application No. 2011-167802, filed Jul.
29, 2011. The entire contents of the above-referenced appli-
cations are expressly incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a radio communication
system 1n which a radio terminal has a function of transmit-
ting signals on multiple carriers or multiple cells at the same
time and, more particularly, to a radio station, a radio termi-
nal, and a synchronization timer control method 1n the radio
communication system.

BACKGROUND ART

In LTE (Long Term Evolution), which 1s one of the stan-
dards for radio communication systems defined by 3GPP (3rd
Generation Partnership Project), radio resources including a
time domain and a frequency domain are assigned to each
radio terminal (User Equipment: UE) by using the TDM
(Time Domain Multiplexing)/FDM (Frequency Domain
Multiplexing) scheme. With respect to uplink signals trans-
mitted by multiple radio terminals to a radio base station
(enhanced Node B: eNB) 1n particular, the radio base station
controls the transmission timing of an uplink signal of each
radio terminal so that 1t 1s accommodated within a predeter-
mined recerve window at the radio base station. This control
of uplink-signal transmission timing 1s performed by using
the following two (NPL 1).

Uplink-signal transmission timing adjustment value (T1m-

ing Advance: TA)

Uplink-signal synchronization timer (ITime Alignment

Timer: TAT)

The transmission timing adjustment value TA 1s informa-
tion indicating a value for a radio terminal to advance or delay
the current transmission timing by a predetermined amount.
The synchronization timer TAT indicates a duration for which
the timing of recerving an uplink signal at a radio base station
1s accommodated within a predetermined window, that 1is,
uplink-signal synchronization 1s guaranteed, with a transmis-
sion timing currently configured. The radio terminal 1s
enabled to transmit uplink signals while the synchronization
timer TAT 1s running, but does not transmit (1s disabled to
transmit) uplink signals when the synchronization timer TAT
expires.

Moreover, 1n LTE-Advanced (LTE-A), which 1s a radio
communication system advanced from L'TE, the standardiza-
tion of carrier aggregation (CA) 1s being proceeded, in which
radio terminals use multiple component carriers (CC) at the
same time to transmit and receive user data and the like (NPL
2). Each component carrier CC corresponds to one system
bandwidth defined in L'TE and can be thought to correspond
to one cell. That 1s, a downlink component carrier CC and a
corresponding uplink component carrier CC in combination
are thought to be one cell. For example, transmission and
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reception on two downlink (or uplink) component carriers CC
can be translated to transmission and reception on two cells.
Accordingly, communication using a single uplink/downlink
component carrier CC corresponds to communication on a
single cell, and 1n the description hereinafter, both or one of
the component carrier and the cell will be used appropnately.

Here, a component carrier CC that performs the most basic
functions such as obtaining system information required for a
radio terminal to communicate with a radio base station, 1s
referred to as primary component carrier (Primary CC: PCC)
or primary cell (PCell), and other component carriers are
referred to as secondary component carrier (Secondary CC:
SCC) or secondary cell (SCell).

In LTE-A, studies have hitherto been proceeded on the
premise that when carrier aggregation CA 1s performed, com-
mon uplink-signal transmission timing 1s used on multiple
component carriers CC or multiple cells. That 1s, even when
uplink signals are transmitted by using multiple component
carriers (multiple cells corresponding thereto), there is one
uplink transmission timing adjustment value TA that a radio
base station notifies to a radio terminal at certain time, and
there also 1s one synchronization timer TAT for each radio
terminal. Thereby, 1t 1s possible to easily perform uplink-
signal transmission timing control without complicating the
control even when carrier aggregation CA 1s performed.

On the other hand, in 3GPP, studies of a technology
improved from the technology standardized as L'TE-A have
been started. Specifically, the technology has been discussed
that makes carrier aggregation CA feasible even 11 uplink-
signal transmission timing diflers between a plurality of com-
ponent carriers CC, that 1s, a plurality of cells. Factors causing
uplink-signal transmission timing to ditler between a plural-
ity of component carriers CC (a plurality of cells) are different
frequency bands, a repeater (repeating station) being set for
cach frequency band (or only for a specific frequency band),
and the like.

In 3GPP, a group of one or aplurality of component carriers
(cells) on which uplink-signal transmission timing can be
controlled in common 1s referred to as synchronization group
(Itming Advance Group: TA Group). NPL 3 proposes a
method for controlling synchronization timers, in which the
uplink-signal transmission timing adjustment value TA 1s
controlled for each such TA Group on which timing control
can be performed 1n common, and 1n which one synchroni-
zation timer TAT 1s maintained also for each TA Group.

Hereinaftter, a brief description will be given of a method
for controlling synchronization timers in a case where uplink-
signal transmission timing diflers between a plurality of com-
ponent carriers CC (a plurality of cells), with reference to
FIGS. 1 to 3.

Referring to FIG. 1, a system will be considered 1n which
two TA Groups 1 and 2 with different uplink-signal transmis-
sion timings exist. Here, 1t 1s assumed that a primary cell
PCell and a secondary cell SCelll belong to the same TA
Group 1, and secondary cells SCell2 and SCell3 belong to the
same TA Group 2 as shown1n FIG. 2A, and that to aradio base
station eNB, a radio terminal UE performs uplink transmis-
s1on by using the three secondary cells SCell1-3 1n addition to
the primary cell PCell. In this case, since uplink transmission
timing differs between the TA Groups 1 and 2, uplink trans-
mission timing adjustment values TA1 and TA2 for the
respective TA Groups are configured so that uplink signal
reception timing at the radio base station eNB will be accom-
modated within a predetermined window as shown in FIG.
2B.

Moreover, referring to FIG. 3, according to NPL 3, a radio
terminal UE controls a synchronization timer TAT1, linking 1t
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with uplink-signal transmission timing control on the TA
Group 1, and similarly controls a synchronization timer
TAT2, linking 1t with uplink-signal transmission timing con-
trol on the TA Group 2. That 1s, when uplink-signal synchro-
nization 1s established in the individual TA Groups (TA
Groups 1 and 2), the respective corresponding synchroniza-
tion timers TAT1 and TAT2 are started, and each time trans-
mission timing adjustment values TA1 and TA2 are recerved
while the synchronization timers TAT1 and TAT?2 are runming,
for the respective TA Groups, the synchronization timers
TAT1 and TAT2 are restarted (restarted from a set value)
(Steps S11 and S12). According to this timer control, theradio
terminal UE can determine whether or not uplink-signal syn-
chronization 1n each TA Group 1s guaranteed.

Moreover, it 1s proposed that when the synchromization
timer TAT1 for the TA Group 1 expires (Step S13), the syn-
chronization timer TAT2 1s stopped (Step S14) even 1f the
synchronization timer TAT?2 1s running at that time, that 1s,
even 11 uplink signals 1n the TA Group 2 are 1n Synchroniza-
tion. This proposal 1s based on the restriction according to CA
in LTE-A that a radio terminal UE can transmit uplink control
signals (Physical Uplink Control Channel: PUCCH) only on
the primary cell. That1s, when an uplink signal on the primary
cell, on which uplink control signals (PUCCH) can be trans-
mitted, 1s not in synchronization, a radio terminal UE should
stop transmission of all uplink signals, and the proposal aims
to easily implement this by configuring the synchromzation
timer TAT2 to be stopped upon expiry of the synchromization
timer TAT1.

Note that after the synchronization timer TAT?2 1s stopped,
the radio terminal UE does not restart the synchronization
timer TAT2 even when a transmission timing adjustment
value TA2 for the TA Group 2 1s received. Thereby, 1t 1s
possible to avoid a situation where the radio terminal UE
transmits an uplink signal in the TA Group 2 when the syn-
chronization timer TAT1 expires but the synchronization
timer TAT?2 1s running.

CITATION LIST
Patent Literature

INPL 1]

3GPP TS 36.321 v10.1.0 (the Internet <URL> http:
www.3gpp.org/Itp/Specs/html-info/36321.htm), Section
5.2

[NPL 2]

3GPP TS 36300 v10.3.0 (the Internet <URL> http:
www.3gpp.org/Itp/Specs/html-info/36300.htm), Sections
5.5,6.4,and 7.5

[NPL 3]

3GPP RAN WG2 Contribution, R2-112819 (the Internet
<URL> http:www.3gpp.org/itp/tsg_ran/ WG2_RL2/
TSGR2_74/Docs/R2-112819.z1p)

SUMMARY OF INVENTION
Technical Problem

According to the above-described synchronization timer
control in LTE, when the synchronization timer TAT1 for the
TA Group 1 including the primary cell expires, the synchro-
nization timer TAT 2 for the TA Group 2 1s stopped. However,
the carrier aggregation (CA) that i1s currently considered in
3GPP premises that processing for establishing synchroniza-
tion cannot be performed in parallel 1n a plurality of TA
Groups. Therefore, 11 uplink signal resynchronization 1is
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required at least on a cell of the TA Group 1 including the
primary cell and further uplink signal resynchronization 1s
also required on a cell of the TA Group 2, resynchronization
in the TA Group 1 1s first completed, and thereafter resyn-
chronization 1n the TA Group 2 1s started. Accordingly, resyn-
chronization operation 1n the TA Group 2 1s started after as
long a delay as the time required for resynchronization 1n the
TA Group 1. The time required for resynchronization in a TA
Group 1s assumed to be about 20 msec (or more). Since this
delay time 1ncreases proportionately with the number of TA
Groups and greatly lowers the transmission rate (throughput)
of a radio terminal, it 1s preferable to make this delay time as
short as possible. Note that an assumable case where resyn-
chronization 1s required in both the TA Groups 1 and 2 i1s that,
for example, carrier aggregation (CA) 1s required (CA 1s
preferred) because a radio terminal UE 1s executing an appli-
cation or the like that performs data transmission on a one-
shot basis and data to be transmitted at a time has a large size.

As described above, 1n order to avoid a decrease 1n the
throughput of a radio terminal, 1t 1s important to avoid a delay
in the completion of resynchronization in another TA Group
occurring when the synchronization timer TAT1 for the TA
Group 1 including the primary cell expires and synchroniza-
tion 1s lost.

Accordingly, an object of the present invention 1s to pro-
vide a radio station, a radio terminal, and a synchromzation
timer control method 1 a radio communication system,
which reduce a delay 1n uplink signal resynchronization as

much as possible in a case where a plurality of cell groups
exist.

Solution to Problem

A radio terminal according to the present invention 1s a
radio terminal having a function of communicating with a
radio station by using a plurality of radio resources that cor-
respond respectively to a plurality of cells, characterized by
comprising: a plurality of synchronization timers for deter-
mining whether or not uplink signals 1n individual cell groups
are 1n synchronization, wherein the synchronization timers
are provided respectively for the plurality of cell groups each
including at least one cell; and control means that controls
uplink-signal transmission on the cells included 1n a second
cell group depending on a state of a first synchronization
timer provided correspondingly for a first cell group 1nclud-
ing a specific cell and on a state of a second synchronization
timer provided correspondingly for the second cell group
other than the first cell group, and controls the first synchro-
nization timer and the second synchronization timer indepen-
dently.

A method for synchromization timer control at a radio
terminal according to the present invention 1s a method for
synchronization timer control at a radio terminal that has a
function of commumicating with a radio station by using a
plurality of radio resources corresponding respectively to a
plurality of cells and 1ncludes a plurality of synchronization
timers for determining whether or not uplink signals 1n 1ndi-
vidual cell groups are 1n synchronization, wherein the syn-
chronization timers are provided respectively for the plurality
of cell groups each including at least one cell, characterized
by comprising: controlling uplink-signal transmission on the
cells included 1n a second cell group depending on a state of
a first synchronization timer provided correspondingly for a
first cell group 1ncluding a specific cell and on a state of a
second synchromization timer provided correspondingly for
the second cell group other than the first cell group; and
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controlling the first synchronization timer and the second
synchronization timer independently.

A radio station according to the present invention is a radio
station having a function of communicating with a radio
terminal by using a plurality of radio resources that corre-
spond respectively to a plurality of cells, characterized by
comprising: a plurality of synchronization timers for deter-
mimng whether or not uplink signals 1n individual cell groups
are 1n synchronization, wherein the synchronization timers
are provided respectively for the plurality of cell groups each
including at least one cell; and control means that controls
scheduling of uplink-si1gnal transmission of the radio terminal
on the cells included 1n a second cell group, depending on a
state of a first synchronization timer provided correspond-
ingly for a first cell group including a specific cell and on a
state of a second synchronization timer provided correspond-
ingly for the second cell group other than the first cell group,
and controls the first synchronization timer and the second
synchronization timer independently.

A method for synchronization timer control at a radio
station according to the present invention 1s a method for
synchronization timer control at a radio station that has a
function of communicating with a radio terminal by using a
plurality of radio resources corresponding respectively to a
plurality of cells and includes a plurality of synchronization
timers for determining whether or not uplink signals 1n 1ndi-
vidual cell groups are 1n synchronization, wherein the syn-
chronization timers are provided respectively for the plurality
of cell groups each including at least one cell, characterized
by comprising: controlling scheduling of uplink-signal trans-
mission on the cells included 1n a second cell group, depend-
ing on a state of a first synchronization timer provided corre-
spondingly for a first cell group including a specific cell and
on a state of a second synchronization timer provided corre-
spondingly for the second cell group other than the first cell
group; and controlling the first synchronization timer and the
second synchronization timer independently.

A radio communication system according to the present
invention 1s a radio communication system having a function
of using a plurality of radio resources corresponding respec-
tively to a plurality of cells, for communication between a
radio station and a radio terminal, characterized in that the
radio terminal 1s provided with a plurality of synchromzation
timers for determining whether or not uplink signals 1n 1ndi-
vidual cell groups are 1n synchronization, wherein the syn-
chronization timers are provided respectively for the plurality
of cell groups each including at least one cell, and at the radio
terminal, uplink-signal transmission on the cells included in a
second cell group 1s controlled depending on a state of a first
synchronization timer provided correspondingly for a first
cell group including a specific cell and on a state of a second
synchronization timer provided correspondingly for the sec-
ond cell group other than the first cell group, wherein the first
synchronization timer and the second synchronization timer
are controlled independently.

Advantageous Effects of Invention

According to the present invention, uplink-signal transmis-
sion 1n a second cell group 1s controlled depending on the
state of a first synchronization timer and the state of a second
synchronization timer, and the first and second synchroniza-
tion timers are controlled independently of each other,
whereby 1t 1s possible to allow the second synchromization
timer to conftinue runnming when the first synchromzation
timer expires, and 1t 1s possible to reduce a delay until the
completion of resynchromization in the second cell group 1n a
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case where resynchronization in the first cell group 1s per-
formed. Thus, it 1s possible to suppress a decrease 1n the
throughput of a radio terminal due to such a delay.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic diagram of a system for describing
synchronization groups in LTE-Advanced.

FIG. 2A 1s a schematic diagram for describing carrier
aggregation in the system shown i FIG. 1, and FIG. 2B 1s a
schematic diagram for describing uplink-signal transmission
timing adjustment values for the synchronization groups
shown 1n FIG. 2A.

FIG. 3 1s a sequence diagram showing operations of a radio
terminal and a radio base station 1n synchromization timer
control shown in FIG. 2.

FIG. 4 1s a schematic diagram showing an example of cell
groups for describing carrier aggregation 1n a radio commu-
nication system according to an exemplary embodiment of
the present invention.

FIG. 5 15 a schematic diagram showing another example of
cell groups for describing carrier aggregation 1n the radio
communication system according to the present exemplary
embodiment.

FIG. 6 1s a sequence diagram showing operations of a radio
terminal and a radio base station 1n the radio communication
system according to the present exemplary embodiment.

FIG. 7 1s a block diagram showing a functional configura-
tion of the radio base station according to the present exem-
plary embodiment.

FIG. 8 15 a block diagram showing a functional configura-
tion of the radio terminal according to the present exemplary
embodiment.

FIG. 91s a flowchart showing a method for synchronization
timer control at the radio base station according to a first
example of the present invention.

FIG. 10 1s a flowchart showing a method for synchroniza-
tion timer control at the radio terminal according to the first
example of the present invention.

FIG. 11 1s a flowchart showing a method for synchroniza-
tion timer control at the radio base station according to a
second example of the present ivention.

FIG. 12 1s a flowchart showing a method for synchroniza-
tion timer control at the radio terminal according to the sec-
ond example of the present invention.

FIG. 13 1s a schematic diagram showing an example of
synchronization groups for describing carrier aggregation 1n
a radio communication system that 1s a concrete application
example of the present exemplary embodiment.

FIG. 14 1s a flowchart showing a method for synchroniza-
tion timer control at a radio base station according to a third
example of the present invention.

FIG. 15 1s a flowchart showing a method for synchroniza-
tion timer control at a radio terminal according to the third
example of the present invention.

FIG. 16 1s a flowchart showing a method for synchroniza-
tion timer control at the radio terminal according to a fourth
example of the present invention.

DESCRIPTION OF EMBODIMENTS

According to the present invention, a plurality of synchro-
nization timers for determining whether or not uplink signals
of a radio terminal are in synchronization are maintained
correspondingly to a plurality of respective cell groups each
including at least one cell. Uplink-signal transmission on a
cell included 1n the second cell group 1s controlled depending
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on the state of a first synchronization timer corresponding to
a first cell group, which includes a specific cell among the
plurality of cell group, and on the state of a second synchro-
nization timer corresponding to a second cell group other than
the first cell group, and the first and second synchromization
timers are controlled independently of each other. Here, 1t can
be thought that a cell group consists of cells on which the
same uplink-signal transmission timing can be used.

According to such control, when the first synchronization
timer for the first cell group including the specific cell expires,
it 1s possible to allow the second synchronization timer for the
second cell group, which 1s another cell group, to indepen-
dently continue running. Accordingly, by stopping at least
uplink-data transmission on the cells of the second cell group
while having the second synchronization timer for the second
cell group continue running, uplink-signal transmission on
the cells of the second cell group can be immediately per-
tformed without delay when resynchronization 1s established
on a cell (for example, the specific cell) included 1n the first
cell group and the first synchromization timer for the first cell
group 1s started. Hereinaiter, an exemplary embodiment and
some examples of the present invention will be described 1n
detaul.

1. Exemplary Embodiment
1.1) System Architecture

In an exemplary embodiment of the present mnvention, a
radio communication system including a radio station and a
radio terminal 1s assumed, and for the radio station, a radio
base station, a base station controller, or the like can be
assumed. In the present exemplary embodiment and
examples, which will be described later, a description will be
grven assuming that the radio station 1s a radio base station as
an example.

FIG. 4 shows only one sector 1n order to avoid complicat-
ing the drawing, but an ordinary configuration includes a
plurality of sectors. A radio base station 10 manages cells 0 to
3 using four frequency bands 10, 11, 12, and 13, and a radio
terminal 20 can transmit uplink signals by using a plurality of
frequency bands at the same time. That 1s, the radio terminal
20 can transmit uplink signals by using, at the same time, all
or some of an uplink radio resource on the cell 0 of the
frequency band 10 (hereinatter, simply referred to as cell 0),
an uplink radio resource on the cell 1 of 11 (heremafter,
simply referred to as cell 1), an uplink radio resource on the
cell 2 of 12 (hereinafter, simply referred to as cell 2), and an
uplink radio resource on the cell 3 of 13 (hereinatter, simply
referred to as cell 3), wherein the radio resources meet a
predetermined condition. The predetermined condition here
1s that, for example, 1n accordance with uplink radio resource
configuration information received from the radio base sta-
tion 10, this radio resource 1s (explicitly or imnexplicitly) acti-
vated and 1s 1n an available state.

Moreover, these plurality of cells 0 to 3 (that 1s, the respec-
tive uplink radio resources) are grouped 1n accordance with a
predetermined rule, and here it 1s assumed that the cells 0 and
1 are grouped 1nto a cell group 1 and the cells 2 and 3 are
grouped 1nto a cell group 2. The predetermined rule here 1s
that, for example, propagation delays (propagation character-
istics) are i1dentical (similar) and so the same uplink-signal
transmission timing adjustment value can be applied (used)
(transmission timing configuration can be shared). Uplink-
signal transmission timing control of the radio terminal 20 1s
performed 1n units of such a cell group.

Further, the radio base station 10 and the radio terminal 20
have synchronization timers used to determine whether or not
uplink signals are in synchronization, which are provided for
cell groups respectively and are controlled (started, restarted,
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or stopped) independently of each cell group. Specifically, of
the synchronization timers provided to the radio base station
10/radio terminal 20, a synchronization timer 1 1s started or
restarted each time a “transmission timing adjustment value”™
for adjusting uplink-signal transmission timing on the cells of
the cell group 1 1s transmitted/recerved, while a synchroniza-
tion timer 2 1s started or restarted each time a transmission
timing adjustment value for the cells of the cell group 2 1s
transmitted/recerved. Note that a “cell group” here does not
necessarily include a plurality of cells as shown 1n FI1G. 4, but
some cell group may include only one cell.

Hereinatter, synchronization timer control according to the
present exemplary embodiment will be described by taking,
as an example, a system 1n which a cell group 1 (specific
group) 1ncludes only a specific cell 1 and a cell group 2
(non-specific group) 1ncludes only a non-specific cell 2 as
shown 1n FIG. 5, for simplicity. The specific cell 1 has roles
different from the non-specific cell 2. For example, the spe-
cific cell 1 1s used to perform processing for establishing an
initial radio connection required for the radio terminal 20 to
communicate with the radio base station 10, as well as to
obtain basic information such as security information and to
transmit control signals. However, 1t 1s obvious from a
description below that the present invention can similarly be
applied to a system 1n which a cell group includes a plurality
of cells. Moreover, although shown 1 FIG. 5 1s a 3-sector
configuration (three sector cells per radio base station), the
present invention 1s not limited to this but can similarly be
applied to configurations other than the 3-sector one such as,
for example, 1-sector and 6-sector ones. Further, concervable
cases where uplink-signal transmission timings on the cells 1
and 2 need to be independently controlled are cases where 11
and 12 are greatly different (for example, 800 MHz and 2
GHz), where a reproduction station (a repeater) exists for
each or one of {1 and 12, and the like.

1.2) Synchronization Timer Control

Referring to FI1G. 6, the synchronization timers 1 and 2 are
provided to the radio terminal 20 correspondingly for the cell
group 1 (specific group) and the cell group 2 (non-specific
group), respectively, and are controlled independently for
cach cell group. Note that 1t 15 conceivable that synchroniza-
tion timers (not shown) corresponding to the synchronization
timers 1 and 2 are similarly provided to the radio base station
20. That 1s, the synchronization timers 1 and 2 are started
when uplink-signal synchronization 1s established on the
cells of their respective cell groups; while they are running,
theradio base station 10 transmits transmission timing adjust-
ment values TA1 and TA2: when the radio terminal 20
receives them, the corresponding synchronization timersl
and 2 are restarted (Steps S21 and S22). According to such
timer control, depending on whether or not the synchroniza-
tion timers 1 and 2 are running, the radio terminal UE can
determine whether or not uplink-signal synchronization 1s
guaranteed 1n the respective cell groups.

According to the present exemplary embodiment, the state
of the synchronization timer 1 for the cell group 1 (specific
group) 1s associated not only with uplink-signal (for example,
uplink-data) transmission on the cell 1 included in the cell
group 1 but also with uplink-signal transmaission on the cell 2
included 1n the cell group 2 (non-specific group) other than
the cell group 1. “Associate” here means that the state of a
synchronization timer for a certain cell group 1s also linked
with enabling/disabling uplink-signal transmission on the
cells of another cell group, not only of this certain cell group.
For example, when the synchromization timer 1 for the cell
group 1 expires, not only transmission of uplink signals (ex-
cept access signals that can be transmitted when synchroni-




US 9,414,341 B2

9

zation 1s lost) on the cell 1 included 1n this cell group 1 1s
stopped, but transmission of some or all uplink signals on the
cell 2 included 1 the cell group 2 15 also stopped. Here, a
conceirvable case where transmission of some uplink signals
1s stopped (1s not performed) 1s, but 1s not limited to, a case
where transmission of data 1s stopped but transmission of
control signals and/or known signals (pilot signals and refer-
ence signals) 1s not stopped, that 1s, continues to be per-
tformed. “Associate” illustrated in FIG. 6 1s as follows.

Referring to FIG. 6, when the synchronization timer 1 for
the cell group 1 (specific group) expires (Step S23), uplink
transmission on the cell 1 included 1n the cell group 1 falls in
an out-of-synchronization state (1s regarded to be 1n an out-
of-synchronization state) and 1s stopped. If the synchroniza-
tion timer 2 for the cell group 2 (non-specific group) 1s run-
ning at this time, this synchronization timer 2 1s not stopped
but 1s left continuously running (Step S24), while at least
uplink data transmission on the cell 2 included 1n the non-
specific group 2 1s stopped (Step S25). However, an uplink
access signal for synchronization/resynchronization (for
example, a random access preamble) can be transmitted as
necessary. The radio base station 10, when the synchroniza-
tion timer 1 expires, stops uplink-signal scheduling on the cell
1 included 1n the cell group 1.

The radio base station 10 and the radio terminal 20 perform
processing for resynchronization on the cell 1 included 1n the
cell group 1 1f an uplink signal needs to be transmitted again
in the cell groups 1 and 2 (Step S26). When resynchronization
1s established, the synchronization timer 1 for the cell group 1
1s started, allowing uplink transmission on the cell 1 included
in the cell group 1 to be 1 an 1n-synchronization state. It the
synchronization timer 2 for the cell group 2 1s running (1s not
expired) at this time, uplink transmission 1s restarted on the
cell 2 included 1n the cell group 2, enabling uplink transmis-
sion including uplink data transmission (Step S27). Here,
enabling uplink-signal transmission means that when a radio
resource for uplink-signal transmission 1s scheduled (as-
signed), transmission can be performed 1n accordance with
such scheduling. Note that if radio resources for periodic
transmission of an uplink signal have already been scheduled
(assigned), the meaning 1s that transmission can be performed
by using such scheduled radio resources.

1.3) Effects

As described above, according to the present exemplary
embodiment, even when the synchronization timer 1 for the
cell group 1 (specific group) expires, the synchronization
timer 2 for the cell group 2 (non-specific group), i it 1s
running, 1s left continuously running, while at least uplink
data transmission on the cell of the cell group 2 1s stopped.
Then, when resynchronization in the cell group 1 1s estab-
lished and the synchronization timer 1 for the cell group 1 1s
started, uplink transmission on the cell of the cell group 2 can
immediately be performed if the synchronization timer 2 for
the cell group 2 1s still running.

In this manner, enabling/disabling uplink-signal transmis-
s10n 1n the cell group 2 1s linked with the state of the synchro-
nization timer 1 for the cell group 1, whereby as long as the
synchronization timer 2 1s running, uplink-signal transmis-
sion on the cell of the cell group 2 can be restarted immedi-
ately (for example, when uplink scheduling information 1s

received, without awaiting resynchronization), and so it 1s
possible to reduce a delay occurring when resynchromization
1s performed, and to suppress a decrease 1n the throughput of
the radio terminal.
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2. Functional Configurations of Radio Station and Radio
Terminal

Referring to FIG. 7, the radio base station 10 as a radio
station have a reception section 101 that receives signals from
a plurality of radio terminals individually and a demodulation
section 102 that demodulates the received signals, and
received user data 1s processed at an upper layer 103. A timing,
control unit 104 1s provided correspondingly for each of the
plurality of radio terminals and transmuits the above-described
respective uplink-signal transmission timing adjustment val-
ues for cell groups that are used by each radio terminal, thus
controlling the transmission timings of uplink signals to be
transmitted by the corresponding radio terminal. A transmis-
s1on signal generation section (1x signal generator) 105 gen-
crates downlink signals to the radio terminals, and a trans-
mission section 106 transmits the downlink signals.

The timing control unit 104 includes, as functional com-
ponents, the synchronization timer 1 (at reference sign 107p
in FI1G. 7) used to determine whether or not uplink signals 1n
the cell group 1 (specific group) at a radio terminal x are in
synchronization, the synchronization timer 2 (at reference
sign 107s 1n FIG. 7) used to determine whether or not uplink
signals in the cell group 2 (non-specific group) at the radio
terminal x are in synchronization, a TA1 calculation and
retention section 108 that calculates and retains a transmis-
s1on timing adjustment value TA1 for the cell of the cell group
1. and a TA2 calculation and retention section 109 that cal-
culates and retains a transmission timing adjustment value
TAZ2 for the cell of the cell group 2.

Note that here 1llustrated 1s a case of two synchronization
groups as shown in FIG. 5, that 1s, the cell group 1 (specific
group) and the cell group 2 (non-specific group), but 1f there
are three or more cell groups (one specific group and two or
more non-specific groups), a synchronization timer and an
uplink-signal transmission timing adjustment value calcula-
tion and retention section are provided for each of them.

Referring to FIG. 8, the radio terminal 20 includes a recep-
tion section 201 that receives signals from the radio base
station 10, a demodulation section 202 that demodulates the
received downlink signals, an upper layer 203 that processes
downlink data, a timing control unit 204 that performs control
of uplink-signal transmission timing in each cell group 1n
accordance with an uplink-signal transmission timing adjust-
ment value from the radio base station 10, a transmission
signal generation section 205 that generates uplink signals to
the radio base station 10, and a transmission section 206 that
transmits the uplink signals.

The timing control unit 204 includes, as functional com-
ponents, a TA1 management unit 208 that controls transmis-
s1on timing on the cell of the cell group 1 1n according with an
uplink-signal transmission timing adjustment value TA1l
from the radio base station 10 and a TA2 management unit
209 that controls transmission timing on the cell of the cell
group 2 1n according with an uplink-signal transmission tim-
ing adjustment value TA2 from the radio base station 10.
Further, the TA1 management unit 208 includes the synchro-
nization timer 1 (at reference sign 210p 1n FIG. 8) used to
determine whether or not uplink-signal transmission timing
in the cell group 1 1s 1n synchronization, and the TA2 man-
agement unit 209 includes the synchronization timer 2 (at
reference sign 210s 1n FIG. 8) used to determine whether or
not uplink-signal transmaission timing in the cell group 2 1s in
synchronization.

Note that the functions of the timing control umit 104 in the
radio base station 10 shown in FIG. 7 can also be imple-
mented by executing programs stored in a memory (not
shown) on a program-controlled processor such as a CPU.
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Similarly, the functions of the timing control unit 204 1n the
radio terminal 20 shown 1n FIG. 8 can also be implemented by
executing programs stored in a memory (not shown) on a
program-controlled processor such as a CPU.

Hereinafter, basic operations for synchronization timer

control of the radio base station 10 and the radio terminal 20
shown 1n FIGS. 7 and 8 will be described in detail with

reference to FIGS. 9 and 10.
3. First Example
3.1) Synchronization Timer Control

FIGS. 9 and 10 show basic operations of the radio base
station 10 and the radio terminal 20 according to a present
example, respectively. Here, at a stage preliminary to data
transmission, the radio terminal 20 makes a scheduling
request (Scheduling Request: SR) to request an uplink radio
resource and a transmission builer status report (Buffer Status
Report: BSR) as necessary. However, steps concerning such a
scheduling request are omitted 1n FIGS. 9 and 10.

Referring to FI1G. 9, the timing control unit 104 of the radio
base station 10 first determines whether or not there 1s uplink
transmission data that a target radio terminal x requests to
transmit (Step 301) and, when there 1s uplink transmission
data (Step 301: Yes), determines whether or not the synchro-
nization timer 1 (107p) for the cell group 1 1s running (Step
302).

When the synchronization timer 1 (107p) 1s not running,
(expires) (Step 302; No), the timing control unit 104 gives
instructions for uplink resynchronization on the cell 1 (Step
303). When resynchronization 1s completed on the cell 1
(Step 304; Yes), 1t 1s determined whether or not the synchro-
nization timer 2 (107s) for the cell group 2 1s running (Step
305).

When the synchronization timer 2 (107s) 1s running (Step
305; Yes), the timing control unit 104 performs uplink sched-
uling on the cell 1 and/or cell 2 for the radio terminal x (Step
306) and notifies a scheduling grant (a result of scheduling)
(Step 307).

When the synchronization timer 2 (107s) 1s not runmng,
(expires) (Step 305; No), the timing control unit 104 deter-
mines whether or not resynchronization on the cell 2 1s
required (Step 308) and, when 1t 1s required (Step 308; Yes),
gives instructions for uplink resynchronization on the cell 2
(Step 309). Step 309 15 not performed 1f resynchronization on
the cell 2 1s not required (Step 308; No). Then, the timing
control unit 104 performs uplink scheduling on the cell 1 for
the radio terminal x (Step 310) and notifies a scheduling grant
(Step 307). Note that the radio base station 10 can also per-
form uplink scheduling on the cell 2 when uplink resynchro-
nization on the cell 2 1s confirmed.

Referring to FIG. 10, the timing control unit 204 of the
radio terminal 20, after making a scheduling request and a
transmission buffer status report (not shown), determines
whether or not an uplink scheduling grant 1s received (Step
401) and, when 1t 1s recetved (Step 401; Yes), transmits uplink
data on the cell 1 and/or cell 2 1n accordance with this sched-
uling grant (Step 402).

When no uplink scheduling grant 1s received (Step 401;
No), the timing control unit 204 determines whether or not the
synchronization timer 1 (210p) for the cell group 1 1s running
(Step 403) and, when 1t 1s running (Step 403; Yes), similarly
performs determination as to the synchronization timer 2
(210s) for the cell group 2 (Step 404). When the synchroni-
zation timer 2 (210s) 1s not running (Step 404; No), it 1s
determined whether or not a trigger for uplink resynchroni-
zation on the cell 2 1s 1ssued (Step 405). Here, concervable
triggers for resynchronization include, for example, mnstruc-
tions for resynchronization from the radio base station 10, a
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result of determination made by the radio terminal itself,
concluding that the amount of data in an uplink transmission
builer reaches or exceeds a predetermined value and trans-
mission using a plurality of cells 1s preferable, or alternatively
the fact that uplink synchronization 1s maintained on another
cell (1n another cell group) to be simultaneously used, and the
like.

When a trigger for uplink resynchronization on the cell 2 1s
1ssued (Step 405; Yes), processing required for uplink resyn-
chronization on the cell 2 1s performed (Step 406). For
example, conceivable processing for resynchronization is
processing in which an access signal for random access or the
like 1s transmitted and an uplink-signal transmission timing
adjustment value 1s obtained, or the like. When resynchroni-
zation on the cell 2 1s completed (Step 407; Yes), the synchro-
nization timer 2 (210s) 1s started (Step 408), and the series of
steps 1s finished. When the synchronization timer 2 (210s) 1s
running (Step 404; Yes), or when no trigger for uplink resyn-
chronization on the cell 2 1s 1ssued (Step 405; No), the series
of steps 1s immediately finished.

Moreover, when the synchronization timer 1 (210p) 1s not
running (Step 403; No), 1t 1s determined whether or not a
trigger for uplink resynchronization on the cell 1 1s 1ssued
(Step 409). When a trigger 1s 1ssued (Step 409; Yes), process-
ing required for uplink resynchronization on the cell 1 1s
performed (Step 410), and when resynchronization 1s com-
pleted (Step 311; Yes), the synchronization timer 1 (210p) 1s
started (Step 412), and the series of steps 1s finished.

Further, when no trigger for uplink resynchronization on
the cell 1 1s 1ssued (Step 409; No), 1t 1s determined whether or
not the synchronization timer 2 (210s) for the cell group 2 1s
running (Step 413). When it1s running (Step 413; Yes ), uplink
data transmission on the cell 2 1s stopped (1s not performed)
until resynchronization on the cell 1 1s completed (Step 414).
At this time, the synchronization timer 2 (210s) 1s left con-
tinuously running (Step 415), and the series of steps 1s fin-
ished. Note that in this case, although uplink data transmis-
s10on 1s stopped on the cell 2, known signals such as control
signals and reference signals may be transmitted. If the syn-
chronization timer 2 (210s) 1s not running (Step 413; No), the
series of steps 1s immediately finished.

Note that1n a case where a cell group includes a plurality of
cells as shown 1n FIG. 4, the radio base station 10 calculates
an uplink-signal transmission timing adjustment value for
cach cell group and notifies it to the radio terminal 20. In this
event, an uplink signal on any of cells may be used to calculate
an uplink-signal transmission timing adjustment value as
long as the cells are of a cell group. When the radio terminal
20 recerves a transmission timing adjustment value, the radio
terminal 20, for each cell group, applies the recerved trans-
mission timing adjustment value to all the cells included 1n
the cell group. According to such control, in a case where the
radio terminal 20 uses uplink radio resources on respective
cells of a plurality of cell groups i each of which uplink-
signal transmission timing control needs to be performed
independently, it 1s possible to appropriately perform uplink-
signal synchronization management by using synchroniza-
tion timers that operate independently for the respective cell
groups.

3.2) Effects

According to the above-described synchronization timer
control, even when the synchronization timer 1 (210p) for the
cell group 1 (specific group) expires, the synchronization
timer 2 (210s) for the cell group 2 (non-specific group) 1s left
continuously running 111t 1s running, while at least uplink data
transmission on the cell of the cell group 2 1s stopped. Then,
when resynchronization 1n the cell group 1 is established and
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the synchronization timer 1 (210p) for the cell group 1 1s
started, uplink transmission on the cell of the cell group 2 can
be performed without performing resynchronization process-
ing if the synchronization timer 2 (210s) for the cell group 2
1s st1ll running.

4. Second Example

In synchronization timer control according to a second
example of the present invention shown in FIG. 11, attention
1s given to processing concerning a scheduling request, data
transmission, and the like performed by the radio terminal 20
alter the synchronization timer 1 for the cell group 1 expires.
4.1) Synchronization Timer Control

Referring to FIG. 11, at the radio base station 10, when the
synchronization timer 1 for the cell group 1 expires (Step
501), 1t 1s determined whether or not the synchronization
timer 2 for the cell group 2 1s running (Step 502). When the
synchronization timer 2 1s runmng (Step 502; Yes), uplink
scheduling on the cell 2 (even though 1t 1s required) 1s stopped
(Step 503), while the synchronization timer 2 is left continu-
ously running (Step 504). If the synchronization timer 2 1s not
running (Step 502; No), steps 503 and 504 are not performed.

Subsequently, 1t 1s determined whether or not uplink resyn-
chronization 1s done on the cell 1 (Step 3505), and when
resynchromization 1s done (Step 503; Yes), the synchroniza-
tion timer 1 1s started (Step 506). Here, a concervable reason
for establishing uplink resynchronization on the cell 1 1s to
cause the radio terminal 20 to transmit uplink data, to cause
the radio terminal 20 to transmit a response (control signal) to
downlink data transmission made to the radio terminal 20, or
the like.

Subsequently, 1t 1s determined whether or not the synchro-
nization timer 2 1s running (Step 507), and 11 1t 1s still running
(Step 507; Yes), it 1s determined whether or not an uplink
extended scheduling request 1s recerved (Step 508). Here, the
extended scheduling request 1s a request that 1s used when
uplink signals are transmitted using (uplink radio resources
on) a plurality of cells and that can request (for example) more
resources than a conventional scheduling request. If an
extended scheduling request 1s received (Step 508; Yes),
scheduling grants on the cells 1 and 2 are notified to the radio
terminal 20 (Step 509).

Moreover, when the synchronization timer 2 1s not running,
(Step 507; No), or when no extended scheduling request 1s
received (Step S08; No), 1t 1s determined whether or not an
ordinary scheduling request is recerved (Step 510). If a con-
ventional scheduling request 1s received (Step 510; Yes), a
scheduling grant on the cell 1 1s notified to the radio terminal
20 (Step 511).

Referring to FI1G. 12, at the radio terminal 20, when the
synchronization timer 1 for the cell group 1 expires (Step
601), 1t 1s determined whether or not the synchronization
timer 2 for the cell group 2 1s running (Step 602). When the
synchronization timer 2 1s runmng (Step 602; Yes), uplink
data transmission on the cell 2 (even if 1t 1s scheduled) 1s
stopped (1s not performed) (Step 603), while the synchroni-
zation timer 2 1s left continuously running (Step 604 ). Then,
processing for resynchronization on the cell 1 1s performed as
necessary (not shown).

When resynchronization on the cell 1 1s done (Step 605;
Yes), the synchronization timer 1 1s started (Step 606), and it
1s determined whether or not there 1s uplink data to transmut
(Step 607). When there 1s uplink data (Step 607; Yes), it 1s
determined whether or not the synchronization timer 2 1s still
running (Step 608).

When the synchronization timer 2 1s runmng (Step 608;
Yes), an extended scheduling request 1s transmitted (Step
609). When uplink scheduling grants on the cells 1 and 2 are
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received as a response to the extended scheduling request
(Step 610), uplink data 1s transmitted on each of the cells 1
and 2 1n accordance with the grants (Step 611). If the syn-
chronization timer 2 1s not running (Step 608; No), an ordi-
nary scheduling request 1s transmitted (Step 612). When an
uplink scheduling grant on the cell 1 1s received as a response
to the scheduling request (Step 613), uplink data 1s transmut-
ted on the cell 1 1n accordance with the grant (Step 614).
4.2) Effects

According to the above-described synchronization timer
control of the present example, when uplink synchronization
1s reestablished on the cell 1 after the synchronization timer 1
tfor the cell group 1 including the cell 1 1s once expired, uplink
data transmission can also be performed on the cell 2 1imme-
diately without need to reestablish uplink synchronization in
the cell group 2 including the cell 2. That 1s, 1t 1s possible to
suppress a delay until uplink data transmission 1s performed
again using (uplink radio resources on) a plurality of cells.
Note that even 1f the radio terminal 20 transmits an extended
scheduling request, scheduling grants on both the cells 1 and
2 are not necessarily recerved, but a scheduling grant may be
on any one of them. Moreover, even if the synchronization
timer 2 1s running, an ordinary scheduling request may be
made. It 1s needless to say that such cases are also 1ncorpo-
rated 1n the scope of application of the present imvention.
Further, 1t 1s also obvious that the present invention can also
be applied in cases where there are three or more cell groups
in each of which uplink-signal transmission timing control 1s
performed 1independently.

5. Application Example

As a concrete application example of the present invention,
a radio communication system in conformity with 3GPP LTE
(Long Term Evolution) will be described in detail. As
described already, in LTE, carnier aggregation (CA) 1s defined
in which a radio terminal (User Equipment: UE) transmits
and receives user data and upper layer control information by
simultaneously using a plurality of component carriers (CC)
that correspond to a plurality of cells respectively. The present
invention can be applied to such carrier aggregation CA 1n
LTE.

In the functionality of the carrier aggregation CA, a cell
used by a radio terminal UE to obtain system imnformation and
security information that are most fundamental 1n communi-
cation with a radio base station eNB 1s referred to as primary
cell (PCell), and other cells which are used simultaneously
with the primary cell PCell are referred to as secondary cell
(SCell). That 1s, the radio terminal UE can transmit and
receive user data and the like by using the single primary cell
PCell and one or more secondary cells SCell at the same time.

Note that 1n preparation for performing downlink carrier
aggregation CA, the radio base station eNB first configures
secondary cells SCell (configure SCell) for the radio terminal
UE. In this event, minimum components required to config-
ure secondary cells are information about component carriers
CC corresponding to downlink radio resources. Then, a sec-
ondary cell to be actually used 1s selected among the config-
ured secondary cells (configured SCell), and instructions are
made to the radio terminal UE to activate this secondary cell
(activation of SCell). Thereatter, the radio terminal UE can
receive downlink signals by using the actually activated sec-
ondary cell (activated SCell) and the primary cell PCell at the
same time.

On the other hand, 1n preparation for performing uplink
carrier aggregation CA, the radio base station eNB notifies, 1n
addition to information about a downlink component carrier
CC, information about a component carrier CC correspond-
ing to a relevant uplink radio resource when a secondary cell
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1s configured for the radio terminal UE. Then, after this sec-
ondary cell 1s activated (activation of SCell with configured
uplink), the uplink component carrier CC (uplink radio
resource) of this secondary cell SCell can be used.

Here, a set of cells that respectively correspond to a plu-
rality of uplink radio resources (component carriers CC) to
which the same transmission timing adjustment value (Tim-
ing Advance: TA) can be applied (used or shared) 1s referred
to as synchronization group (Timing Advance Group: TA
Group). The synchronization group (TA Group) corresponds
to the above-described cell group. However, each synchroni-
zation group (TA Group) includes one or more cells. That 1s,
cach synchronization group (TA Group) may be configured
with only one cell. Moreover, a synchromzation group (TA
Group) that includes the primary cell PCell 1s referred to as
primary synchronization group (Primary TA Group or PCell
TA Group), and a synchronization group (TA Group) that
includes only secondary cells SCell 1s referred to as second-
ary synchronization group (Secondary TA Group or SCell TA
Group). The primary synchronization group consists of only
the primary cell PCell or consists of the primary cell PCell
and one or more secondary cells SCell, and the secondary
synchronization group consists of one or more secondary
cells SCell. Note that in LTE, information indicating a trans-
mission timing adjustment value (TA) 1s referred to as TA
command (Timing Advance Command), which 1s transmitted
as control imnformation (Control Element: CE) on the MAC
Layer (Medium Access Control Layer).

In a case where the present invention 1s provided to such a
system, a synchronization timer (Time Alignment Timer:
TAT) used to determine whether or not uplink signals of a
radio terminal UE are 1n synchronization 1s maintained for
cach synchronization group. Moreover, as described above,
the state (whether or not running) of a synchronization timer
for a specific group (specific synchronization group) 1s asso-
ciated with uplink data transmission on the cells of a non-
specific group (non-specific synchronization group) other
than the specific group. On the other hand, the synchroniza-
tion timers TAT are controlled independently for the specific
group and the non-specific group. The specific group and the
non-specific group can correspond to the primary synchroni-
zation group and the secondary synchronization group,
respectively.

Note that “associate” the synchronization timer for the
specific group (primary synchronization group) with uplink
data transmission 1n the specific group (primary synchroni-
zation group) and 1n the non-specific group (secondary syn-
chronization group)1s as described already. Independent con-
trol of the synchronization timers for the specific group
(primary synchronization group) and the non-specific group
(secondary synchronization group) indicates that, for
example, the starting/restarting and stopping of the synchro-
nization timer for each group are performed depending on the
reception status of a transmission timing adjustment value TA
for each group.

Referring to FIG. 13, the radio base station eNB manages
cells by using four frequency bands 10, 11, 12, and 13, and the
radio terminal UE transmits uplink signals by using, at the
same time, all or some of an uplink radio resource on a cell 0
of the frequency band 10 (hereinafter, simply referred to as
cell 0), an uplink radio resource on a cell 1 of 11 (heremafter,
simply referred to as cell 1), an uplink radio resource on a cell
2 0112 (hereinatter, simply referred to as cell 2), and an uplink
radio resource on a cell 3 of 13 (heremnatter, simply referred to
as cell 3). Here, 1t 1s assumed that the cell 0 1s a primary cell
PCell, and the cells 1 to 3 are secondary cells SCell. More-
over, 1t 1S assumed that the cells 0 and 1 that have the same
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propagation delays (propagation characteristics) comprise a
primary synchronization group, and the cells 2 and 3 that
similarly have the same propagation delays (propagation
characteristics ) comprise a secondary synchronization group.

In third and fourth examples to be described below, an
uplink signal from the cell 0, which 1s the primary cell PCell
of the primary synchronization group, or from the cell 1,
which 1s the secondary cell SCell thereof, will simply be
referred to as “uplink signal from the primary synchroniza-
tion group,” and an uplink signal from the cell 2 or the cell 3,
which are the secondary cells SCell of the secondary synchro-
nization group, will simply be referred to as “uplink signal
from the secondary synchronization group.” Moreover,
unless otherwise explained, uplink signals on the cells 0 and
1 will not be differentiated from each other. Similarly, uplink
signals on the cells 2 and 3 will not be differentiated from each
other.

6. Third Example

Next, a description will be given of a method for control-
ling synchronization timers used to determine uplink-signal
synchronization at the time of carrier aggregation (CA), by
taking a system shown in FIG. 13 as an example. Note that in
a third example of the present invention, the synchronization
timer 1 (107p) and the synchronization timer 2 (107s) of the
radio base station eNB shown in FIG. 7 correspond to a
primary synchronization timer TAT-p for a primary synchro-
nization group and to a secondary synchronization timer
TAT-s for a secondary synchronization group, respectively,
and the synchronization timer 1 (210p) and the synchroniza-
tion timer 2 (210s) of the radio terminal UE shown 1n FIG. 8
correspond to a primary synchronization timer TAT-p for the
primary synchronization group and to a secondary synchro-
nization timer TAT-s for the secondary synchromization
group, respectively.

In the present example, the primary synchronization timer
for the primary synchronization group and the secondary
synchronization timer for the secondary synchronization
group are controlled independently. Accordingly, even when
the primary synchronization timer expires, the secondary
synchronization timer 1s left continuously running (1s not
stopped) 1f the secondary synchronization timer has not
expired. However, 1n this case, even if the secondary synchro-
nization timer 1s running, uplink-signal transmission 1s not
performed in the secondary synchronization group. Note that
even after a synchronization timer expires, uplink access sig-
nals for random access and the like can be transmitted as
necessary. Moreover, a reason for giving attention here to the
case where the primary synchronization timer for the primary
synchronization group to which the primary cell belong
expires, 1s that in L'TE, a physical channel (Physical Uplink
Control Channel: PUCCH) for transmitting uplink control
signals concerning the Physical Layer and the MAC Layer
(Medium Access Control Layer) can be used only on the
primary cell, and therefore uplink-signal synchronization on
the primary cell 1s most important.

6.1) Synchronization Timer Control

Retferring to FIG. 14, at the radio base station eNB, 1t 1s
determined based on, for example, a transmission butfer sta-
tus report (Bufler Status Report: BSR) whether or not a radio
terminal UEx that 1s a control target has (untransmitted)
uplink data to transmit (Step 701), and when the radio termi-
nal UEx has uplink data (Step 701; Yes), 1t 1s determined
whether or not the primary synchronization timer (TAT-p) 1s
running (Step 702). If the primary synchronization timer
(TAT-p) 1s running (Step 702; Yes), 1t 1s stmilarly determined
whether or not the secondary synchronization timer (TAT-s)
1s running (Step 703).
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If the secondary synchronization timer (TAT-s) 1s also run-
ning (Step 703; Yes), uplink scheduling 1s performed for a cell
or cells of the primary synchronization group and/or the sec-
ondary synchronization group depending on the amount of
the uplink data (Step 704), and a scheduling grant indicating
a result of scheduling and (if necessary) a transmission timing
adjustment value TA are transmitted (Step 706). If the sec-
ondary synchronization timer (TAT-s) 1s not running (expires)
(Step 703; No), uplink scheduling 1s performed for a cell of
the primary synchronization group (Step 705), and a sched-
uling grant indicating a result of scheduling and (1f necessary)
a transmission timing adjustment value TA are transmitted
(Step 706).

On the other hand, 1f the primary synchromization timer
(TAT-p) 1s notrunning (expires) (Step 702; No), uplink sched-
uling for the primary synchronization group 1s stopped (1s not
performed thereafter) (Step 707). Subsequently, 1t 1s deter-
mined whether or not the secondary synchronization timer
(TAT-s) 1s running (Step 708) and, 11 1t 15 running (Step 708;
Yes), 1t 1s not stopped along with the expiry of the primary
synchronization timer (TAT-p) but 1s left continuously run-
ning (Step 709), while uplink scheduling for the secondary
synchronization group 1s stopped (1s not performed thereat-
ter) (Step 710). Then, a request for uplink resynchromization
in the primary synchronization group 1s made to the radio
terminal UEx (Step 711). When uplink resynchronization in
the primary synchronization group 1s done (Step 712; Yes),
the primary synchronization timer (TAT-p) 1s restarted (Step
713), and the process moves to Step 703 and similar process-
ing 1s repeated thereafter.

Referring to FI1G. 15, at the radio terminal UEX, 1t 1s deter-
mined whether or not (untransmitted) uplink data to be trans-
mitted 1s maintained (Step 801), and when uplink data 1s
maintained (Step 801; Yes), 1t 1s determined whether or not
the primary synchronization timer (TAT-p) 1s runming (Step
802).

If the primary synchronization timer (TAT-p) 1s running,
(Step 802; Yes), 1t 1s stmilarly determined whether or not the
secondary synchronization timer (TAT-s) 1s running (Step
803). It the secondary synchronization timer (TAT-s) 1s also
running (Step 803; Yes), a scheduling grant indicating a result
of scheduling 1s received (not shown), and uplink data trans-
mission 1s performed on a cell or cells of the primary syn-
chronization group and/or the secondary synchronization
group scheduled (Step 804). If the secondary synchronization
timer (TAT-s) 1s not running (expires) (Step 803; No), uplink
data transmission 1s performed on a cell of the primary syn-
chronization group scheduled (Step 803). The radio terminal
UEx makes a buifer status report (BSR) as necessary along,
with uplink data transmission (Step 806).

On the other hand, if the primary synchronization timer
(TAT-p) 1s not running (expires) (Step 802; No), uplink trans-
mission 1n the primary synchronization group (1f 1t 1s already
scheduled) 1s stopped (1s not performed thereafter) (Step
807). Subsequently, it 1s determined whether or not the sec-
ondary synchronization timer (TAT-s) 1s running (Step 808),
and 11t 1s running (Step 808; Yes), 1t 1s not stopped along with
the expiry of the primary synchronization timer ( TAT-p) but 1s
left continuously running (Step 809), while uplink transmis-
s10on 1n the secondary synchronization group (if 1t 1s already
scheduled) 1s stopped (is not performed thereaiter) (Step
810).

Subsequently, processing for uplink resynchronization 1n
the primary synchronization group is started (Step 811), and
when uplink resynchronization 1n the primary synchroniza-
tion group 1s done (Step 812; Yes), the primary synchroniza-
tion timer (TAT-p) 1s restarted (Step 813), and the process
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moves to Step 803. In this event, 1 the secondary synchroni-
zation timer (TAT-s) 1s still running when uplink resynchro-
nization in the primary synchronization group 1s accom-
plished, uplink transmission can be restarted in the secondary
synchronization group without awaiting processing for
uplink resynchronization. Thereafter, similar processing 1s
repeated.

6.2) Effects

As described above, according to the third example of the
present invention, even 1n a case where there are a plurality of
synchronization groups each having independent uplink-sig-
nal transmission timing, a radio terminal UE can appropri-
ately perform synchronization timer control by using syn-
chronization timers corresponding to the respective
synchronization groups. Moreover, even when resynchroni-
zation 1s accomplished after the primary synchronization
timer (TAT-p) 1s once expired, 1t 1s possible to suppress
(avoid) a delay until uplink transmission 1s restarted on a cell
of the secondary synchronization group if the secondary syn-
chronization timer (TAT-s) has been running since the expiry
of the primary synchronization timer (TAT-p) up until the
restart thereof.

7. Fourth Example

Next, attention will be given to a method for controlling the
secondary synchronization timer (TAT-s) for the secondary
synchronization group and uplink-signal transmission
therein when the primary synchronization timer (TAT-p) for
the primary synchromization group expires. In synchroniza-
tion timer control according to a fourth example of the present
invention, if the secondary synchronization timer (TAT-s) 1s
still running even when the primary synchronization timer
(TAT-p) expires, uplink data transmission on the cells of the
secondary synchronization group is stopped, but transmis-
s10n of predetermined control signals and/or known signals 1s
enabled. Hereinafter, as an example of the known signals, a
sounding reference signal (Sounding Reference Signal: SRS)
in LTE will be assumed.

Referring to FIG. 16, at the radio terminal UEX, when the
primary synchronization timer (TAT-p) expires (Step 901),
uplink transmission on the cells of the primary synchroniza-
tion group (1f 1t 1s already scheduled) 1s stopped (1s not per-
formed thereafter) (Step 902).

Subsequently, it 1s determined whether or not the second-
ary synchronization timer (TAT-s) 1s running (Step 903).
When the secondary synchronization timer (TAT-s) 1s not
running either (expires) (Step 903; No), uplink transmission
on the cells of the secondary synchronization group (if 1t 1s
already scheduled) 1s stopped (1s not performed thereatter)
(Step 904).

On the other hand, 1f the secondary synchromization timer
(TAT-s) 1s running (Step 903; Yes), uplink data transmission
on the cells of the secondary synchronization group (if 1t 1s
already scheduled) 1s stopped (1s not performed thereatter)
(Step 905). However, the secondary synchronization timer
(TAT-s) 1s left continuously running (Step 906). Then, while
the secondary synchronization timer (TAT-s) 1s running,
transmission of uplink sounding reference signals (SRS) (if 1t
1s already scheduled) 1s continued on the cells of the second-
ary synchronization group (Step 907). Then, the process goes
back to Step 903 and the above-described processing 1s
repeated.

As described above, according to the fourth example of the
present invention, even when uplink synchronization 1s lostin
the primary synchronization group, since transmission of
uplink sounding reference signals (SRS) 1s continued as long
as uplink synchronization in the secondary synchronization
group 1s maintained, the radio base station eNB can check the
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quality of uplink communication and confirm uplink syn-
chronization on the cells of the secondary synchronization
group. Thereby, 1t 1s also possible to appropnately perform
scheduling for uplink data transmission on a cell of the sec-
ondary synchronization group after uplink resynchronization
in the primary synchronization group 1s accomplished. Fur-
thermore, the radio base station eNB can also perform check-
ing as to whether or not the radio terminal UE 1s still present
in a cell covered by 1tsell, and the like.

9. Other Examples

In the hitherto-described embodiment and examples, a
description 1s made on the premise that the physical channel
(PUCCH) transmitting (some of) uplink control signals con-
cerning the Physical Layer and the MAC Layer can be used
only on a primary cell. However, the present invention 1s not
limited to this, but can also be applied 1n a case where the
physical channel (PUCCH) transmitting such uplink control
signals 1s used on a secondary cell. For example, 1n a case
where the physical channel (PUCCH) can be used on at least
one cell of each synchronization group, it 1s also possible to
allow transmission of uplink signals, irrespective of their
types, to be performed or continued 1n a certain synchroniza-
tion group as long as uplink-signal synchronization 1s main-
tained on the cell of this synchronization group, regardless of
uplink-signal synchronization on the primary cell.

Moreover, conceivable methods for configuring a synchro-
nization group (TA Group) are as follows.

First, for carrier aggregation (CA) in LTE, serving cell
indexes (ServCelllndex) are defined to correspond to indi-
vidual cells. For example, a serving cell index “0” 1s assigned
to a primary cell (PCell), and serving cell indexes “1 to 7™ are
respectively assigned to secondary cells (SCell). Further, sec-
ondary cell indexes (SCelllndex) are also defined. Secondary
indexes “1 to 7” correspond to the serving cell indexes “1 to
77 respectively. Since a primary cell always has the serving
cell index “0,” aradio base station (eNB) does not particularly
notily a radio terminal (UE) of information about the serving,
cell index of the primary cell. However, each secondary cell
index 1s notified from a radio base station (eNB) to a radio
terminal (UE) when a secondary cell 1s configured (configure
SCell).

Here, for amethod for configuring a synchronization group
(TA Group), when secondary cells are configured, that 1s,
when secondary cell indexes are notified, a synchromization
group index (number) (TA Group Index or TA Group ID) may
be notified from a radio base station (eNB) to a radio terminal
(UE), or information about a synchronization group index
and corresponding cells or frequencies may be broadcast or
individually notified to radio terminals (UEs) 1n the cells.
Note that a synchronization group index may be notified only
when configuration of an uplink radio resource (component
carrier CC) corresponding to a secondary cell of interest 1s
involved. Moreover, 1t 1s concervable that a synchronization
group index of a primary synchronization group (PCell TA
Group) including a primary cell 1s set for “0” and synchroni-
zation group indexes of secondary synchronization groups
(SCell TA Groups) are set for consecutive numbers starting
from *“1,” but the present invention 1s not limited to this.

Furthermore, in the hitherto-discussed examples, a
description has been given with 3GPP LTE 1n mind for the
radio communication systems. However, the targets of the
present invention are not limited to these but can be applied to
GSM (Global System for Mobile communications), UMTS
(Unmiversal Mobile Telecommunications System), WiMAX
(Worldwide interoperability for Microwave Access), and the

like.
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INDUSTRIAL APPLICABILITY

The present mnvention 1s applicable to transmission timing

control 1n radio communication systems such 3GPP LTE,
GSM, UMTS, and the like.

REFERENCE SIGNS LIST

10 Radio base station

101 Reception section

102 Demodulation section

103 Upper layer

104 Timing control unit (UEXx)

105 Transmission signal generation section

106 Transmission section
107p Synchronization timer (TAT1)

107s Synchronization timer (TAT2)

108 TA1 calculation and retention section
109 TA2 calculation and retention section
20 Radio terminal

201 Reception section

202 Demodulation section

203 Upper layer

204 Timing control unit

203 Transmission signal generation section
206 Transmission section

208 TA1 management unit

209 TA2 management unit

210 Synchronization timer (TAT1)

211 Synchronization timer (TAT?2)

The invention claimed 1s:

1. A radio terminal capable of uplink carrier aggregation
using at least a first Timing Advance Group and a second
Timing Advance Group, wherein each of the first and second
Timing Advance Groups comprises at least one serving cell,
comprising;

a transmitter configured to transmait uplink signals;

a first Time Alignment Timer associated with the first
Timing Advance Group, wherein the first Time Align-
ment Timer 1s used to control whether uplink trans-
mission from the transmitter in a serving cell of the
first Timing Advance Group 1s synchronized with a
radio station;

a second Time Alignment Timer associated with the
second Timing Advance Group, wherein the second
Time Alignment Timer 1s used to control whether
uplink transmission from the transmitter 1n a serving
cell of the second Timing Advance Group 1s synchro-
nized with the radio station; and

a controller configured to permit the second Time Align-

ment Timer to run when the first Time Alignment Timer

expires, and to stop uplink data transmission on all cells
when the first Time Alignment Timer stops even 1f the
second Time Alignment Timer 1s running.

2. The radio terminal according to claim 1, wherein the first
Timing Advance Group 1s a Primary Timing Advance Group
including a primary cell.

3. The radio terminal according to claim 2, wherein the first
Time Alignment Timer and the second Time Alignment Timer
are started and stopped separately.

4. The radio terminal according to claim 2, wherein the first
Time Alignment Timer 1s started or restarted when the radio
terminal recerves a Timing Advance value associated with the
first Timing Advance Group and the second Time Alignment
Timer 1s started or restarted when the radio terminal receives
a Timing Advance value associated with the second Timing
Advance Group.
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5. Theradio terminal according to claim 1, wherein the first
Time Alignment Timer and the second Time Alignment Timer
are started and stopped separately.

6. The radio terminal according to claim 1, wherein the first
Time Alignment Timer 1s started or restarted when the radio
terminal receives a Timing Advance value associated with the
first Timing Advance Group and the second Time Alignment
Timer 1s started or restarted when the radio terminal receives
a Timing Advance value associated with the second Timing
Advance Group.

7. A transmission control method 1 a radio terminal
capable of uplink carrier aggregation using at least a first
Timing Advance Group and a second Timing Advance Group,
wherein each of the first and second Timing Advance Groups
comprises at least one serving cell, wherein the radio terminal
comprises a transmitter configured to transmit uplink signals,
the method comprising;:

controlling whether uplink transmission from the transmait-
ter in a serving cell of the first Timing Advance Group 1s
synchronized with a radio station using a first Time
Alignment Timer associated with the first Timing
Advance Group;

controlling whether uplink transmission from the transmait-
ter 1n a serving cell ol the second Timing Advance Group
1s synchronized with the radio station using a second
Time Alignment Timer associated with the second Tim-
ing Advance Group;

permitting the second Time Alignment Timer to run when
the first Time Alignment Timer expires; and

stopping uplink data transmission on all cells when the first
Time Alignment Timer stops even 1f the second Time
Alignment Timer 1s running.

8. The transmission control method according to claim 7,
wherein the first Timing Advance Group 1s a Primary Timing,
Advance Group including a primary cell.

9. The transmission control method according to claim 8,
wherein the first Time Alignment Timer and the second Time
Alignment Timer are started and stopped separately.

10. The transmission control method according to claim 8,
wherein the first Time Alignment Timer 1s started or restarted
when the radio terminal recerves a Timing Advance value
associated with the first Timing Advance Group and the sec-
ond Time Alignment Timer 1s started or restarted when the
radio terminal receives a Timing Advance value associated
with the second Timing Advance Group.

11. The transmission control method according to claim 7,
wherein the first Time Alignment Timer and the second Time
Alignment Timer are started and stopped separately.

12. The transmission control method according to claim 7,
wherein the first Time Alignment Timer 1s started or restarted
when the radio terminal recerves a Timing Advance value
associated with the first Timing Advance Group and the sec-
ond Time Alignment Timer 1s started or restarted when the
radio terminal receives a Timing Advance value associated
with the second Timing Advance Group.

13. A radio station configured to communicate with aradio
terminal capable of uplink carrier aggregation using at least a
first Timing Advance Group and a second Timing Advance
Group, wherein each of the first and second Timing Advance
Groups comprises at least one serving cell, comprising:

a processor configured to execute a transmission signal
generator to generate at least one of a first value of a first
Time Alignment Timer associated with the first Timing
Advance Group and a second value of a second Time
Alignment Timer associated with the second Timing
Advance Group, wherein the first Time Alignment
Timer 1s used to control whether uplink transmission of
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the radio terminal 1n a serving cell of the first Timing
Advance Group 1s synchronized with the radio station,
wherein the second Time Alignment Timer 1s used to
control whether uplink transmission of the radio termi-
nal m a serving cell of the second Timing Advance
Group 1s synchronized with the radio station, wherein
the radio terminal 1s configured to permit the second
Time Alignment Timer to run when the first Time Align-
ment Timer expires, and to stop uplink data transmission
on all cells when the first Time Alignment Timer stops
even 1f the second Time Alignment Timer 1s running; and
a transmitter configured to transmit at least one of the first
value of the first Time Alignment Timer and the second
value of the second Time Alignment Timer to the radio
terminal.
14. The radio station according to claim 13, wherein the
first Timing Advance Group 1s a Primary Timing Advance
Group including a primary cell.
15. The radio station according to claim 14, wherein the
first Time Alignment Timer and the second Time Alignment
Timer are started and stopped separately.
16. The radio station according to claim 13, wherein the
first Time Alignment Timer and the second Time Alignment
Timer are started and stopped separately.
17. A scheduling control method 1n a radio station config-
ured to communicate with a radio terminal capable of uplink
carrier aggregation using at least a first Timing Advance
Group and a second Timing Advance Group, wherein each of
the first and second Timing Advance Groups comprises at
least one serving cell, the method comprising;:
generating at least one of a first value of a first Time
Alignment Timer associated with the first Timing
Advance Group and a second value of a second Time
Alignment Timer associated with the second Timing
Advance Group, wherein the first Time Alignment
Timer 1s used to control whether uplink transmission of
the radio terminal 1n a serving cell of the first Timing
Advance Group 1s synchronized with the radio station,
wherein the second Time Alignment Timer 1s used to
control whether uplink transmission of the radio termi-
nal m a serving cell of the second Timing Advance
Group 1s synchronized with the radio station;

permitting the second Time Alignment Timer to run when
the first Time Alignment Timer expires;
stopping uplink data transmission on all cells when the first
Time Alignment Timer stops even 1 the second Time
Alignment Timer 1s running; and

transmitting at least one of the first value of the first Time
Alignment Timer and the second value of the second
Time Alignment Timer to the radio terminal.

18. The scheduling control method according to claim 17,
wherein the first Timing Advance Group 1s a Primary Timing
Advance Group including a primary cell.

19. The scheduling control method according to claim 18,
wherein the first Time Alignment Timer and the second Time
Alignment Timer are started and stopped separately.

20. The scheduling control method according to claim 17,
wherein the first Time Alignment Timer and the second Time
Alignment Timer are started and stopped separately.

21. A radio communication system comprising a radio
station and a radio terminal, wherein the radio terminal is
capable of uplink carrier aggregation using at least a {first
Timing Advance Group and a second Timing Advance Group,
wherein each of the first and second Timing Advance Groups
comprises at least one serving cell, wherein the radio terminal
COmprises:
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a transmitter configured to transmit uplink signals;
a memory storing:

a first Time Alignment Timer associated with the first
Timing Advance Group, wherein the first Time Align-
ment Timer 1s used to control whether uplink trans-
mission from the transmitter in a serving cell of the
first Timing Advance Group 1s synchronized with the
radio station;

a second Time Alignment Timer associated with the
second Timing Advance Group, wherein the second
Time Alignment Timer 1s used to control whether
uplink transmission ifrom the transmitter 1n a serving
cell of the second Timing Advance Group 1s synchro-
nized with the radio station; and

a controller configured to permit the second Time Align-
ment Timer to run when the first Time Alignment Timer
expires, and to stop uplink data transmission on all cells
when the first Time Alignment Timer stops even 1if the
second Time Alignment Timer 1s running.

22. The radio communication system according to claim

21, wherein the first Timing Advance Group 1s a Primary
Timing Advance Group including a primary cell.
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23. The radio communication system according to claim
22, wherein the first Time Alignment Timer and the second
Time Alignment Timer are started and stopped separately.

24. The radio communication system according to claim
22, wherein the first Time Alignment Timer 1s started or
restarted when the radio terminal receives a Timing Advance
value associated with the first Timing Advance Group and the
second Time Alignment Timer 1s started or restarted when the
radio terminal recerves a Timing Advance value associated
with the second Timing Advance Group.

25. The radio communication system according to claim
21, wherein the first Time Alignment Timer and the second
Time Alignment Timer are started and stopped separately.

26. The radio communication system according to claim
21, wherein the first Time Alignment Timer 1s started or
restarted when the radio terminal receives a Timing Advance
value associated with the first Timing Advance Group and the
second Time Alignment Timer 1s started or restarted when the
radio terminal recerves a Timing Advance value associated
with the second Timing Advance Group.
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